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Abstract 

Increasing observational evidence gathered especially in X-rays and 7-rays during 
the course of the last few years support the notion that Supernova remnants (SNRs) 
are Galactic particle accelerators up to energies close to the "knee" in the energy 
spectrum of Cosmic rays. This review summarises the current status of 7-ray ob- 
servations of SNRs. Shell-type as well as plerionic type SNRs are addressed and 
prospect for observations of these two source classes with the upcoming GLAST 
satellite in the energy regime above 100 MeV are given. 
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1 Introduction 



Supernova remnants (i.e. remnants of Supernova explosions) are commonly 
considered to be Cosmic particle accelerators. In this review paper I will sum- 
marise experimental evidence, gathered through 7-ray observations mainly in 
the VHE regime supporting this notion (please note, that in the following 
7-ray will be used to stand for VHE 7-r ays). Typically, SNRs were detected 



through radio observations (IGreenl . 120041 ). Recent advances in the understand- 



ing of these objects has been made through X-ray observations with instru- 
ments such as ASCA, BeppoSax, XMM-Newton and Chandra and through 
7-ray observations with instruments such as HEGRA (High Energy Gamma 
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Ray Astronomy), and H.E.S.S. (High energy stereoscopic system). Based on 
morphological properties, SNRs can be classified into three broad categories: 
shell-like, plerionic (also called Pulsar Wind Nebulae or Crab-like) connected 
to a Pulsar and composite (in which both, a shell and a Plerion are present), the 
later often showing markedly different radio and X -ray morphologies. For a n 
excellent detailed review on plerionic SNRs, see e.g. iGaensler fc Sland fl2006h . 



SNRs are thought to be responsible for the acceleration of Cosmic rays up to 
energies around the "knee" (~ 10^^ eV) at which the spectrum of Cosmic rays 
significantly hardens from ~ 2.7 to ~ 3.2. This statement is backed by exper- 
imental facts, as well as by theoretical considerations. Experimental evidence 
is lent m ainly by (1) X-ray o bservations o f young she ll-type SNRs such as 
SN 1006 dKovama et all . Il995f ). and Cas A dVink et al.l . [2001), in which sites 
dominated by hard non-thermal X-ray synchrotron emission were found, indi- 
cating an electron population extending up to ~ 100 TeV, far beyond thermal 
energies. (2) Very high energy (VHE) '^-ray observations (> 1 GeV) revea led 



sites of non-thermal particle populations ( Aharonian et al. . 2004, 2006al bl) 



Through theoretical considerations is has been known for a long time that 
Supernova explosions release just about the right amount of energy into their 
surrounding to account for the energy budget of the Cosmic rays (assuming 
that t hey convert ~ 10% of t h eir en ergy into kinetic energy of the Cosmic 
rays) (IGinzburg fc Syrovatskil Il964l ). Furthermore well-established theoret- 
ical models exists explaining how particles can be accelerated in Supernova 
shock waves to energies approaching the knee. In shell-type SNRs particles are 
accelerated in the expanding s hock waves through diffusive shock (also called 
first order Fermi) acceleration (IBelll. ll978l:lBlandford fc Ostrikerl. llDTSuDrurvl. 



19831 : iBlandford fc Eichled . 119871 : 1 Jones fc Ellisonl . ll99ll : lMalkov fc Drurvl . l200lh . 



In plerionic SNRs particles are accelerated to non-thermal energies in the ter- 
mination shock between the relativistic outfiow of electrons from the pulsar 
surface and the outer nebula. Predictions on the 7-ray visibility of SNRs (later 
confirmed by H.E.S.S. 7-ray observations although there is still an experimen- 
tal ambiguity in the un derlying par t icle p opulation resonsible for the 7-ray 
emission) were given by iDrury et al.l (jl994j ). 



Since charged particles below the knee at 10^^ eV are defiected in ubiquitous 
magnetic fields on their way from the origin to us, we have to turn to neutral 
messengers to reveal the acceleration sites (the gyroradius of 1 TeV cosmic 
rays in a magnetic field of /iC-scale is of the order of 0.1 pc, much smaller 
than the thickness of the Galaxy of 200-300 pc). Since neutrino detectors have 
not yet proved to be sensitive enough to detect neutrinos from astrophysical 
sources (apart from the Sun and the direct Supernova explosion SN 1987A), 
observations in the radio. X-rays and 7-ray wavebands are so far our best 
access to non-thermal acceleration processes in SNRs. 7-rays (and neutrinos) 
are produced in hadronic interactions with subsequent pionic decay and can 
reveal the acceleration sites since they travel un-defiected from their origin. 
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However, 7-rays not only reveal the sites of hadronic acceleration; they also 
act as a tracer for energetic electrons that produce 7-rays via IC scattering off 
background photon fields (such as star-light or the Cosmic microwave back- 
ground (CMBR)). An ambiguity or duality therefore exists in the responsible 
radiating particle population in most cases when detecting 7-rays from astro- 
physical objects. 



In spite of this ambiguity the detection of 7-rays above ~ 1 GeV from SNRs 
gives us direct access to particle acceleration processes and the advantage 
of 7-rays in comparison to other wavebands is that these are not affected 
by dust obscuration, which is particularly important for the population of 
SNRs located within the Galactic plane. A large volumne of the Galaxy can 
thus be probed for 7-ray emission from SNRs by observations through the 
Galactic disk. If SNRs are indeed sites of particle acceleration, 7-ray emis- 
sion is expected and one of the puzzhng aspects of previous 7-ray observa- 
tions of SNRs was the rather low l evel o f emission compared to model predic- 



tions fiBucklev et al.l . Il998l : iHillad . l2005f ) 



The history of soft 7-ray (or hard X-ray) detection of SNRs started with 
the detection of the Crab Nebula in 1964 with a scintill ation c ounte r de- 
tector flown on a balloon launched from Palestine, Texas (jClarkl . Il965l ). To- 
day hard X-rays up to 100 keV ha ve been det e cted from various SNRs both 
young shell-ty pes such as Cas A (IVink et al.l. 1200 ll : IVink fc Lamingl . |2003| ) 
and SN 1006 flAUen et al.l. I2OOII: IVink et all . l2000h and pleri onic-types such 
as th e Vela-X PWN dMangano et alj, ^QQ^ and MSH 15-5^ fiTamura et al. 



19961 : iMarsden et aP . Il997l : iMineo et all . I2OOII : iForot et all . [20061). Thin X- 



ray filaments in young shell-type SNRs detected with high-angular resolution 
instruments such as XMM-Newton and Chandra point to regions with high- 
magnetic fields (up to 0.5 mG) in which electrons rapidly lose energy through 



synchrotron emission (jKovama et al.l . 119971 : ISlane et al.l . l200ll : iBamba et al. 



2OO3I : ICassam-Chenai' et al.l . 120041 ). In higher energies 7-rays COMPTEL de- 



tected the radioactive ^'^T i-line at 1.157 MeV from the two sh ell-type SNRs 



Cas A (llvudin et all . Il994f ) and RX J0852.0-4622 (Vela Junior) fllvudin et al. 



19981 ). However, it should be noted, that higher sensitivity INTEGRAL ob- 



servations provided a confirmation for this detection for Cas A, but could 
not detect this ^''Ti-line in RX J0852. 0-4622. Therefore, these claims are still 
somewhat controversial. 



EGRET at energies above 100 MeV did not detect prominent young shell-type 
SNRs such as Tycho, Kepler, Cas A or SN 1006, noticed however several in- 
triguing spatial coincidences of unidentified sources in the G alactic plane with 



indiv i dual prominent radio SNRs, such as W 28, and 7-Cvgni (jSturner fc Dermer 



I995I : lEsposito et al.l . Il996l : iRomero. Benaglia fc Torres! . Il999l ) . The combina- 



tion of source confusion especially in the Galactic plane, caused by the rather 
poor angular resolution of the EGRET instrument and the ambiguity in ex- 
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isting counterparts prevented individual identifications. However, a statisti- 
cal assessment shows a 4-5cr effect when trying to correlate the population of 



EGR ET unidentified sources with the population of radio SNRs (jSturner fc Dermer 



19951 ) ■ Also plerionic SNRs have not been unambiguously identified with EGRET 
sources, although again intriguing associations of EGRET unidentified sources 
with prominent plerions su ch as PSRB1706-44, and the Kookaburra complex 



exist ([Roberts et all |2005| ). From a population point-of-view PWN are one 



of the best candidates to accoun t for low-latitude slow ly varying unidentified 
EGRET sources as proposed by [Roberts et al.l ( 20011) . Lately, us i ng VH E 7- 
ray source positions in the Kookaburra region (lAharonian et al.l . l2006d ) the 
re-analysis of EGRET data provided strong evidence of correlation of the 
PWN detected in this region with the c onfused unidentified EGRET source 
3EG J1420-6038 fiReimer fc Fund . l2006 h. This new approach might prove a 
useful template for connection future GLAST and VHE 7-ray detections. All 
these possible associations of source classes with unidentified EGRET sources 
will hopefully be tested following the launch of the upcoming GLAST satellite 
in late 2007. 

The history of VHE 7-ray (E> 100 GeV) detections of SNRs started again with 
the detection of the Crab Nebula, t he first object to be reported in this wave- 



band by the Whipple collaboration (jWeekes et al.l . Il989l ) . Various claims of de- 



tections of shell-type SNRs have been made before the advent of the H.E.S.S. 
telescope system. Gas A was dete cted by HEGRA in a ver y deep 200 hours) 



exposure (lAharonian et al.l. 120011). Detection s of SN 1006 (ITanimori et al.l . ll997l ) 
and RX J1713. 7-3946 flEnomoto et al.l . l2002h have been reported by the CAN- 
GAROO collaboration. With the advent of the H.E.S.S. telescope system, for 
the first time a number of Galactic SNRs, both shell-type and plerionic in na- 
ture could be established. In the following I will describe these populations of 
cosmic accelerators along with prospects for Supernova remnant observations 
with the upcoming GLAST satellite. The outline of this paper is as follows: 
Section 2 provides a description of advances made through the VHE 7-ray 
detections of shell-type Supernova remnants. Section 3 provides the corre- 
sponding description for Pulsar Wind Nebulae. Section 4 describes Supernova 
remnants found in 7-rays and later identified as Supernova remnants, while 
Section 5 summarises prospects for Supernova remnant observations with the 
upcoming GLAST satellite. 



2 Gamma-ray observations of shell-type SNRs 



By means of data taken with the H.E.S.S. telescope system during the first few 
years of operation for the first time in VHE 7-ray astronomy resolved images 
of shell-type SNRs above 100 GeV could be taken. In particular the SNRs 
RX J1713.7-3946 and RX J0852.0-4622, with diameters of ~ 1° and ~ 2° re- 
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spectively could be resolved with unprecedented detail in this energy band. 
On the other hand, SN 1006, one of the SNRs most expected to emit 7-rays in 
the energy band (due to the strong non-thermal X-ray emission from the rims) 
was not detected in deep H.E.S.S. observations (lAharonian et al.l . l2005al ). The 
upper limit derived by this observations turned out to be an order of mag- 
nitude below the previously reported CANGAROO detection. A reanalysis 
of the CANGAROO data along with newer data fro m the CANGAROO-II I 



detector is consistent with the H.E.S.S. upper limits (ITanimori et al.l . |2005| ) 



Therefore in the following the H.E.S.S. upper limits will be used in the discus- 
sion o f 7-ray emission from SN 1006 . Since several papers on both RX J1713.7- 
3946 (lAharonian et al.l . [20o3 . l2006al lbh and RX J0852.0-4622 (jAharonian et al. 



2005b 



2006dl ) have been published by the H.E.S.S. collaboration, the main 



focus of this review will lie on similarities and differences between the two 
objects with the addition of comparisons to SN 1006 as the most prominent 
non-detected SNR where appropriate. 



Figure 1 shows 7-ray excess maps for RX J1713. 7-3946, RX J0852.0-4622, 
and SN 1006. Both 7-ray emitting objects show a shell-like structure with 
a surprising resemblance of their respective X-ray morphology (the correla- 
tion coefficients between 7-ray and X-ray counts are ~ 60% — 80%). For 
both objects the X-ray emission is completely dominated by non-thermal 
X-ray emission without traces of line emission, exhibiting small filamentary 
structures that are interpreted as zones where the magnetic field is high (~ 
50/iG) such that electrons rapidly lose energy through synchrotron emission in 
these areas (ICassam-Chenai' et al.l . l2004l : lUchiyama et al.l . l2003l : lAschenbach 



19981 : llvudin et all . l2005h . Both objects appear rather faint in radio with 



typical fiuxes below or in the several tenth of Jansky-regime for the whole 
shell, cert ainly lower than wha t would be expected from equipartition ar- 
guments (ILazendic et al.l . |2004| ). The distance to both objects is somewhat 
uncertain, for RXJ1713. 7-3946 it seems that a distance of ~ Ikpc is preferred 
from the column density inferred from X-ray data. This distance would make 
RX J 171 3. 7-3946 most likely the remnant of the historical Supernova event 
of AD393. For RX J0852. 0-4622 distance estimates range from as close as the 
Vela pulsar (~ 250pc) to as far as the Vela Molecular Ridge (~ Ikpc). The age 
ranges from ~ 500 years in the close case to ~ 5000 years in the far case. Mor- 
phologically their 7-ray emission, in particular the width of the shells is rather 
different. The apparent width of the shell for RX J 171 3. 7-3946 comprises 45% 
of the radius of the SNR, while the for RXJ0852. 0-4622 it approximates to 
20% of the radius. There is no apparent correlation between the dense molec- 
ular material surrounding RXJ1713. 7-3946 as measured by the NANTEN 
telescope and the VHE 7-ray emission as measured by H.E.S.S., but in fact, 
assuming a typical energy of 1 x lO^'' ergs in accelerated protons, the density 
needed to explain the 7-ray fiux through hadronic interactions is only 1 cm~^. 



SN 1006 is somewhat distinct in its multi-frequency picture in that its surface 
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Fig. 1. Acceptance-corrected smoothed excess maps of the 3.5° x 3.5° fov 
surrounding the two pro minent H.E.S.S. Superno va remnants RXJ1713. 7-3946 
(2004 an d 2005 data) 



dataset) (jLemoine-Gourmard et al 



(lAharonian et al 
20061 : 



2006bl'l and RX J0852 0-4622 (2005 
Aharonian et al.l . l2006dl) and non-d e- 



tected SN 1006 (2004 dataset with VLA radio contours in white) (jAharonian et al. 



2005al ). The sky-regions shown are of similar size, indicating the large extent (2° 
diameter) of RXJ0852. 0-4622. 



brightness is higher in radio (~ 100 Jy) (IGardner fc Milnd . ll965l : lRoger et al. 



19981 ) showing a pronounced shell-like structure. The X-ray emission, espe- 
cially in the shell is dominated by non-thermal emission up to ~ lOkeV. 
SN 1006 was not detected in a deep (1000 ksec) INTEGRAL exposure above 
20 keV (IKalemci et al.l. l2006l) and was also not detected in sensitive H.E.S.S. 
observations ( Aharonian et al. . 2005al ). The density surrounding the source 



was estimated from X-ray as well as optical observations and values as low 
as n= 0.05 cm~^ have been invoked to explain the apparent absence of 7-ray 
emission in a hadronic scenario. From the H.E.S.S. non-detection assuming a 
leptonic 7-ray emission scenario on the CMB R a lower limit on the po st-shock 
magnetic field of i? > 25//G can be derived ( lAharonian et al.l . l2005al ). Higher 
values of the magnetic field in excess of 40/uG have been derived from X-ray 
observation and application of diffusive shock acceleration scenarios, so the 
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RXJ1713.7-3946 
RXJ0852.0-4622 
SN1006 




10'"^ 10'' 
Energy (eV) 

Fig. 2. Spectral energy distribution for the Supernova remnants RXJ1713. 7-3946 
(light red), RX J0852. 0-4622 (pink), SN 1006 (blue). Also shown is a hadronic model 
(dotted green) and a time-dependent leptonic one-zone model (dashed grey: IC 
emission, solid grey: synchrotron emission). The parameters for this model are: 
B-Field: 9fiG, age: 1.7 kYears, Electron photon index: 2.1, Electron Cutoff: 80 TeV. 

lower limit on the magnetic field is not in contradiction to these values. 

Comparing the energy spectra of the two 7-ray detected SNRs, strong simi- 
larities can be made out. The spectral energy distribution (SED) for the three 
shell-type SNRs discussed here is shown in Figure 2 along with model spec- 
tra, showing typical leptonic and hadronic 7-ray emission models. As can be 
seen from this plot RX J 171 3. 7-3946 and RX J0852.0-4622 show a remark- 
ably similar 7-ray energy spectrum with a rather fiat £'~^-type distribution 
at lower energies with a deviation from this power-law at higher energies. 
The fiat spectrum at lower energies has advocated claims that the 7-rays 
mig ht be generated by pion ic decays rat her than Inverse Co mpton scatter- 
ing f Aharonian et al. . 2006al Jbl). However, Porter et al. ( 2006 ) claim that the 
data can be well fitted in terms of a leptonic model when applying an un- 
broken electron spectrum along with the Galactic radiation fields. Therefore, 
at the moment, no strong conclusions can be drawn from the spectral shape 
on the particle population responsible for the 7-ray emission. The upcoming 
GLAST satellite, measuring in the energy range between 30 MeV and 300 GeV 
might be able to distinguish between hadronic and leptonic 7-ray production 
mechanisms. Also interesting to note is that the H.E.S.S. 7-ray upper limit for 
SN 1006 is more than an order of magnitude below these 7-ray detections and 
therefore starts to be rather constraining for the values of the magnetic field 
(in a leptonic scenario) or the ambient matter density (in a hadronic scenario). 
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These first unambiguous detections of individual sliell-type SNRs allowed for 
important advances in the understanding 7-ray emission from these objects. 
However, the open question remains what differentiates non-detected SNRs 
such as SN 1006 from prominent 7-ray emitters such as RXJ1713. 7-3946. 



3 Gamma-ray observations of Pulsar Wind Nebulae 



Pulsar wind nebulae (PWN) or Plerions are objects powered by a relativis- 
tic particle outflow (electrons and positrons) from a central source - a pulsar. 
This pulsar is a rapidly rotating neutron star generated in the Supernova event. 
The wind of relativistic particles flows freely out until the outflow pressure is 
balanced by that of the surrounding medium. At that poi nt a standing termi- 
nation shock is formed at which particles are accelerated (IKennel &: Coronitil . 
1984 : lAharonian. Atoyan &: Kifund . 119971 ) . The existence of electrons acceler- 
ated to energies > 100 TeV in such PWN has been establis hed by X-ray ob- 



serva tions of synchrotron emission, e.g. in the Crab nebula ( iWeisskopf et al. 



2OOOI ). VHE 7-rays are generated in PWN from the high-energy electrons by 
non-thermal bremsstrahlung or inverse Compton (IC) scattering on photon 
target fields, such as the cosmic microwave background (CMBR) or star-light. 

Apart from the Crab Nebula, no individual PWNe have been unambigu- 
ously associated with EGRET sources, although several unidentified EGRET 
sources are located in close proximity to prominent PWN, such as in the 
Kookaburra region, or MSH-15-5£ PWN are however one candidate for the 
population of slowly varying low-latitude unidentified sources. GLAST will 
shed more light on this population and possibly establish PWN as emitters 
in the MeV to GeV range. In VHE 7-rays PWN make up the raajorit y of the 
identified Galactic sources detected so far (IFunkl . l2006l : iGallantl . l2006l ). Apart 
from the Crab Nebula (the brightest steady VHE 7-ray source) several promi- 
nent PWN were identified in VHE 7-rays in the la st two y ears. These detec; 



tions include MSH-15-5^ (lAharonian et al.l . l2005cf). Vela X (lAhar onian et al. 



2006a) , the two sources i n the Kookaburra region ( Aharonian et al.. . .2006^) and 
lately HESS J1825-137 (lAharonian et all . l2005dl . l2006eJ l VHE -7-rav emission 
from PWN comes in various disguises as shown in Figure 3: These in c lude a) 
point-like emission such as from the Crab Nebula (lAharonian et al.l . l2006hl ) 
and from the composite SNR G 0.9 +0.1, where the 7-ray em ission was shown 
to originate from the central PWN ( Aharonian et al. . 2005el ). b) emission trac- 
ing the X-ray contours around a central pulsar such as in MSH-15-5^ or c) 
asymmetrically extending to one side and tracing the X-ray contours such as 
in Vela X and finally d) the emerging new class of offset PWN exemplified by 
HESS J1825-137 where the 7-ray emission shows a similar morpho logy to the 
X-ray emission but on a much larger scale (lAharonian et al.l . l2006g| ) . Calculat- 
ing the efficiency of the energetic pulsars powering the PWN that is necessary 
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3. Acceptance-c o rrected 



smoothed excess maps of MSH-15-5S (top 
(jAharonian et al.l . l2005d ). the Kookaburra region showing the 7-ray emis- 
with the two non-thermal wings of the Kookaburra (top 



Fig. 
left) 

sion coincident 



right) (lAharonian et alJ . 12006 j ). HESS J1 825-137 (bottom Mi) I Aharonian et al. 



2005dl . l2006gi ) and Vela X (bottom right) (jAharonian et alJ . l2006d ). Also shown are 



the energetic pulsars that are thought to power the PWNe. 



to account for the VHE 7-ray luminosity, values between 0.02% (Crab Neb- 
ula) and 7.5% (HESS J1825-137) of the spin-down luminosity are found. The 
broadband SEDs of the VHE 7-ray PWN can typically be well described by 
leptonic models, although claims have be en made for a hadr onic component 
at the high-energy end of the spectrum (IHorns et al.l . |2006| ). Vela X is the 



first VHE 7-ray source in which the peak in the Inv erse Compton energy flii x: 
has been detected within the H.E.S.S. energy range (jAharonian et al.l . l2006d ). 
Figure 4 shows, that while the ranges of 7-ray fluxes for the detected PWN 
is rather small, the differences in the X-ray energy fluxes span a large range. 
This might be alluded to largely different magnetic fields, to different angular 
scales on which the X-ray emission has been measured or simply to the fact, 
that different populations of electrons are responsible for the X-ray and the 
7-ray emission. 
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Fig. 4. Spectral energy distribution for the PWNe in the Kookaburra region (K3 
and Rabbit) (red), MSH-15-5S (turquoise), Vela X (blue), and HESS J1825-137 
(grey). The similar energy flux for the 7-ray emission in comparison to the vastly 
different energy flux for the X-ray emission is apparent. 

The most prominent example of the new class of offset PWN is HESS J1825- 
137. This object can serve as a template for a whole new class of 7-ray PWN 
in which a) the 7-ray emission is shifted away from the pulsar, possibly due to 
dense material on one side that prevents an isotropic expansion of the PWN 
and b) the size of the VHE 7-ray PWN is on a much larger scale (~ 1°) than 



the X-ray PWN (~ 1') (IGaensler et al.l . l2003l ) . Concerning the offset morphol- 



ogy, asymmetric reverse shock interactions were first proposed to explain the 
off set morphology of the Vela X PWN b ased on hydro-dynamical simulations 



by iBlondin. Chevalier &: FriersonI (120011 ) . The different sizes for the 7-ray and 



X-ray PWNe can be explained by the difference in the synchrotron cooling life- 
times of the (higher energy) X-ray emitting and the (lower energy) IC-7-ray 
emitting electrons. The 7-ray sources that can be explained in this framework 
are typically extended, their emission region overlaps with energetic pulsars 
(energetic enough to explain the 7-ray flux by their spindown power) and 
very importantly also show evidence for an X-ray PWN. So far only Vela X 
and HESS J1825-137 match this picture, several other unidentified VHE 7- 
ray sources have been proposed to be offset PWN, but all these cases lack the 
detection of an X-ray PWN. 



4 New Supernova remnants found in VHE 7-rays 



Originally Supernova remnants have been detected by means of radio observa- 
tion sensitive to synchrotron emission in magnetic fields. Radio observations 
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Fig. 5. Comparison of radio, and X-ray data of HESS J1813-178. Left: XMM-New- 
ton counts map above 4.5 keV of the region surrounding HESS J1813-178 (colour 
contours) smoothed with a Gaussian kernel of width 0.002°. The extended tail to- 
wards the north-east is visible in this figur e. Overlaid is the 20 cm shell-like emission 
(white contours) as detected by the VLA terog an et al. . 20051 ). Also shown are the 
positional contours of the best fit position of HESS J1813-178 (das hed circles corre 
spond to the 1,2, and 3a positional confidence contours) as given in lAharonian et al 



(|2006il ). Flight: Slice through the emission in radio and X-rays as plotted on the 
left hand side. The box in which the slices were determined is also given in the left 
panel (white box). The X-ray slice shows the compact core with the slice towards 
the north-east, whereas the radio slice shows the shell-like structure of the emission. 

are particularly suited to detect Supernova remnants in the inner Galaxy since 
they are insensitive to the prevailing dust emission within the Galactic plane. 
The same holds for hard X-ray emission and is particularly true for 7-rays. 
A survey of the Galaxy in the 7-ray regime proved to be a good means to 
detect new 7-ray SNRs, that are inconspicuous in other wavebands. H.E.S.S. 
observations of the inner par t of th e Gala c tic pl a ne re vealed ~ 20 new 7- 
ray sources ( lAharonian et al.l . 1200511 . l2006il : iFunkl . l2006l ). While some could 
be identified at other wavebands, such as the Super nova remnants described 
in the previous sections or the microquasar LS 5039 (lAharonian et al.l . l2005gl . 
2006jl ). most objects were left unidentified following their detection. A pro- 
gramme of detailed MWL studies using existing radio and X-ray facilities is 
underway to establish positional counterparts of the 7-ray sources. 



A particularly interesting object found in the s urvey of the Galactic pl ane 



is HESS J1813-178. At first flagged unidentified (lAharonian et all . l2005fl ). it 



was quickly found to be positionally coincident with: a) A previously unpub- 
lishe d archival fain t radio (VLA) source (20 cm) showing a shell-like morphol- 
ogy ( IBrogan et al.l . |2005|) b) a previously unpu blished archival bright X-ray 
ASCA source (2-10 keV) ("Br ogan et a"lll2005h and c) a hard X-ray INTE- 
GRAL source 10-100 keV dUbertini et all . 120051 ). H.E.S.S., ASCA as well as 
INTEGRAL lacked the spatial resolution to resolve the object. The VLA radio 
source showed a shell-like morphology, suggesting that the VHE 7-ray emis- 
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sion originates in the shell of a Supernova Remnant. However, in a 30 ksec 
XMM-Newton X-ray observation non-thermal synchrotron emission was found 
not from a shell, but rather from an object embedded within the shell with 
a faint tail towards the north-east (see Figure 5) resembling in its shape a 



PWN fiFunk et all 120061 ) . This detection reveals that HESS J1813- 178 is con- 



nected to a composite SNR similar to e.g. the 7-ray source GO. 9-1-0.1 (lAharonian et al 



2005ef ). In HESS J1813-178 for the first time, an SNR initially detected in VHE 



7-rays and subsequently confirmed with superior angular resolution radio and 
X-ray data. This detection shows, that 7-ray observations especially in the 
Galactic plane are well suited to detect SNR, that are otherwise hard to detect 
due to obscuration and dust absorption. Other objec ts tentatively connected 
to shell-type or co mposite SNRs are HES S J1640-465 flAharonian et a l.'. '2006j; 



Funk et all . 120071 ). and HESS J1834-087 (lAharonian et al.l . l2006il : lFunki2006f ). 



5 Summary and Prospects for GLAST 



The upcoming GLAST satellite, in its energy range between 30 MeV and 
300 GeV the successor to EGRET will provide a unique tool for studying Su- 
pernova remnants. Especially in crowded regions in the Galactic plane domi- 
nated by diffuse emission, the improved angular resolution of the instrument 
in comparison to EGRET will be important for disentangling source confu- 
sion and identification of counterparts. As obvious from Figure 2, GLAST 
will provide spectral measurements in an energy regime in which differences 
between hadronic and leptonic production 7-ray production mechanisms are 
significant. Thus GLAST might finally disentangle whether the 7-ray emission 
detected by H.E.S.S. is in fact the first direct evidence of accelerated hadrons 
in shell-type SNRs, a question that directly relates to the origin of cosmic rays. 
GLAST will provide a highly even sky-coverage on long timescales and there- 
fore population studies of SNRs will be possible. Since EGRET is thought to 
have just not been sensitive enough to single out individual PWNe and enable 
us to conclude about their population, it is expected that these objects will ap- 
pear as a source classin the GLAST sky. Population studies of SNRs provides 
information not only on individual objects but on spatial-statistical aspects 
that can be used to understand the transition of source populations through 
the regime of GeV-cutoffs as already evident in numerous EGRET sources. 
Already now SNRs are an established source class in VHE 7-ray astronomy. 
Observations in this wavebands provide an important tool to understand the 
acceleration processes within these Galactic accelerators. 
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